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Page  1,  Section  13,  Absiraci: 

We  have  a  great  deal  of  data  and  now  understand  that  the  inductance  of  vortices  in 
mrns  w  to  columns  defects,  and  that  the  temperature  dependence  of  the  pinning  strcngUi  is 
dominated  by  thermal  supercuireni,  or  'phase-,  fluctuations  rather  than  by  the  mean-field 
temperature  dcpendci^  of  basic  superconducting  quantities  like  the  Hdmholtz  free  enensv  and 
the  magnetic  penetration  depth.  We  have  the  most  data  on  pure  YBCO  films  and  arc  extending 
our  m^uicmrats  to  oxygen-depicted  and  chemically  doped  YBCO  films  as  wdl  as  to  other 
materials,  h  tliM  wy  v«  will  determine  how  to  improve  the  vortex  pinning  properties  of  YBCO 
films  vttf  chcrmcal  substitutions.  r  v-v 


Main  body  of  rqwit,  per  AFOSR  amendment  No.  2  dated  03/27/89. 
a)  Objectives. 

.  objective  is  to  undersand  the  dynamics  of  superconducting  vortices  created 

supttixmductor.  YBa2Cu307..,  by  appUcation  of  a  magnetic  field 
pedicular  to  the  film.  Of  particular  interest  is  the  range  of  fields  and  temperatures  away  from 
the  vortex-glass  melting  transition.  Subsidiary  objeaives  included  development  of  a  novel 
apparatus  and  the  associated  numerical  inversion  routines  to  obtain  the  relevant  vortex  parameters 
of  pmmng  stiOTgth  and  viscosity  from  measurement  of  the  mutual  inductance  of  coils  on  opposite 
sides  Of  the  Rlin.  The  techiUquc  permits  precise  and  accurate  measurements  on  films  that  arc 
ufipattetned^  and  it  avoids  edgb  effects. 

The  technical  goal  of  (his  project  is  to  determine  how  to  tailor  the  properties  of  films  of 
.  to  minimize  decUical  dissipation  when  such  films  are  operated  at  high  currents  in 

si»ble  ambient  magnetic  fields.  At  present,  it  is  Icnovwi  that  YBCO  films  can  be  tremendously 
effective  m  pinmng  superconducting  vortices,  but  it  is  not  known  what  particular  feature  of  the 

film  provides  the  pinning  or  whetlicr  this  mechanism  can  he  enhanced  via  chemical  dooine  We 
mtend  to  find  out.  ^ 


b)  Status  of  research  effort. 

"ae  expwiment  is  fully  operational.  We  arc  taking  and  analyzing  data  as  first  as  we  can. 
Our  results  axe  providing  a  much  fuiler  picture  of  the  evolution  of  vortex  pinning  with  field  and 
temperature  than  has  been  produced  previously.  We  have  discovered  that  thermal  phase 
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(supercurreot)  fluctuations  dominate  the  dependence  of  pinning  strength  on  temperature  not  only 
in  the  critical  ^me  near  the  vortex  glass  melting  transition,  but  also  at  the  lowest  temperatures 
we  have  studied,  namely,  4K.  This  is  the  primary  effort  of  graduate  student,  Aaron  Pesetski. 
Assistance  on  film  fabrication  is  provided  by  another  graduate  student,  Brent  Boyce,  and 
undergraduate  student  James  Baumgardner.  Due  to  the  unanticipated  departure  of  the  original 
student  on  the  project,  the  flow  of  papers  is  just  beginning. 


c)  Publications. 

“Jmfncftvg  response  of  vortices  in  and  Sip  Bp  films,"  Anne  E. 

Cunningham,  Master’s  Thesis,  Ohio  State  University,  August,  1995. 

"Vortex  pinning  in  the  frozen  vortex  lattice  in  yBa2Cu30j,g  films,”  D.G.  Xenikos,  A.E. 
Cunningham,  T.R.  Lemberger,  L.  Hou,  and  M.W.  McElfresh,  Phys.  Rev.  6  52,  9453 


"Numerical  modeling  and  experimental  considerations  for  a  two-coil  apparatus  to  find  the 
complex  conductivity  of  finite  radius  thin  films,"  Stefan  J.  Tumeaure,  Aaron  PesetSki,  and 
T.R.  Lemberger,  currently  in  final  draft  form,  to  be  submitted  to  J.  Appl.  Phys. 

"Irfiuence  of  dtermal  phase  fluctuations  on  die  T  dependence  of  the  vortex  pinning  strength 
in  YBCO  films,"  Aaron  Pesetski,  Kathleen  M.  Paget,  Brent  R.  Boyce,  and  T.R. 
Lemberger,  in  preparation.  To  be  submitted  to  Phys.  Rev.  B. 
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Anne  E.  Cunningham,  Graduate  Research  Associate,  Physics  Ph.D.  program. 
Aaron  A.  Pesetski,  Graduate  Research  Associate,  Physics  Ph.D.  program. 
Brent  R.  Boyce,  Graduate  Research  Associate,  Physics  Ph.D.  program. 

James  E,  Baumgardner  II,  Undergraduate,  Honors  Program. 


e)  Interactions. 

Presentations: 

•Effects  of  dopants  on  electrodynamics  in  oxide  superconductors.*  a  seminar  given  at  Wayne  State 
University,  April,  1995;  Univ.  of  Cincinnati,  May,  1995, 


APeneiration  depth  studies  on  pure  and  dc^jed  superconducting  YBCO,®  a  seminar  given  at  Ohio  State 
Univ.,  Oct,  1996;  U.  Toledo,  Nov.  1996;  Notre  Dame  Univ.,  Nov.  1996. 
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"Penetration  depOi  studies  'in pure  and  doped  lBa^^T_;./l&ny."SPIEconferenfi>  -nvirf/. 
Superconductor  Physics  and  Nanoengineftrinp  u  -  San  Jose,  CA,  January,  1996. 

"Evidentxfor  dtermalpha^  fluctuations  in  die  magnetic  penetration  depth  of  YBCO  at  low 
ten^raturesf  March  Meeting  nf  the  AP.^,  Kansas  Oty,  MO,  1997. 

"Dopants  (not  impurities)  in  superconductors’  given  at  the  symposium  in  honor  of  the 
retirement  of  Dcmald  M.  Ginsberg,  Univ.  of  lUinois-Urbana,  April,  1997. 


Consultative  functions: 


Sample  and  measurement  exchange  with  Drs.  Timothy  Peterson  and  Rand  Bigeers  at 
Wright-Patterson  AFB,  Dayton,  OH. 

Collaboration  with  a  local  firm.  Superconductive  Components,  Inc,,  which  is  an 
international  manufacturer  of  bulk  superconducting  materials  such  a.s  pressed  powder 
targets  for  Pulsed  Laser  Dqwsition  or  rf  Sputtering  of  films. 


f)  Discoveries,  ete» 

The  tOTpeiature  dqiendence  of  the  vortex  pinning  strength  in  films,  and  probably  in  bulk 
materials  as  wdl,  is  dominated  by  thermal  phase,  or  supercurrent,  fluctuations,  rather  than 
by  the  mean-field  temperature  dependence  of  the  basic  superconducting  parameters  of 
magnetic  penetration  dqith  and  Ginzburg-Landau  coherence  length.  The  pinning  structure 
in  films  is  columnar  rather  than  point-like  or  planar. 


^  Additional  relevant  Information. 


None. 


